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( ) HPC (Noro Masayuki)
1. Monster , Modular
, replicable function Alexander et al.
.
Monster $<m>$ , Conway-Norton
[1] Modular $j_{<m>}(z)$
.
empirical . , $j_{<m>}(Z)$
Fourier (head representation) trace . ,
elliptic modular $J(z)=j(z)-744$ .
$J(z)$ , Hecke operator $T_{n}$ .
$J|T_{n}= \frac{1}{n}\sum_{ad=n,0\leq b<d}J((aZ+b)/d)=P(nJ(z))/n$
, $f$ “replicate function” $f^{(a)}$
$P_{n}(f(z))/n= \frac{1}{n}\sum_{ad=n,0\leq b<d}f(a)((aZ+b)/d)$
, $f^{(a\rangle}$ $f$ replicable function .
$P_{n}(t)\in Z[a_{1,n}\ldots, a-1][t]$ , $P_{n}(f(z))=q^{-n}\mathrm{m}\mathrm{o}\mathrm{d} qz[q]$ unique .







$F(y, z)=log( \gamma-1-q-1)-\sum_{nm,,=1}H_{m},q^{m}nr^{n}\infty$ ,
986 1997 34-40 34
$r=e^{2\pi iy},$ $Hn,1=a_{n}$
. ,
$f$ is $\mathrm{r}\mathrm{e}\mathrm{p}\mathrm{l}\mathrm{i}\mathrm{c}\mathrm{a}\mathrm{b}\mathrm{l}\mathrm{e}\Leftrightarrow H_{m,n}=H_{r.s}$ whenever $nm=rs$ and $gcd(m, n)=gcd(r, S)$
, Norton [4] . $H_{m.n}$
$(r+s)H_{r_{\ovalbox{\tt\small REJECT}}s}.= \sum_{m=1n}^{r-1}\sum^{S-}=11(r+. s-m-n)a_{r}+s-7n-n-1Hm_{:^{n}}$
recurrence relation . , , $a_{i}$
.
3. $\mathrm{M}\mathrm{c}\mathrm{K}\mathrm{a}\mathrm{y}’ \mathrm{s}$ problem
, , $f$ repli-
cable , $H_{m,n}$
$a_{i},$ $i\in B=\{1,2,3,4,5,7,8,9,11,17,19,23\}$ (Norton $\mathrm{B}\mathrm{a}\mathrm{s}\mathrm{i}_{\mathrm{S}}[4]$ )
Norton [4] .
$a_{i}(i\in B)$ . ,
$\mathrm{M}\mathrm{c}\mathrm{K}\mathrm{a}\mathrm{y}’ \mathrm{s}$ problem .
4. ( )
, $\mathrm{M}\mathrm{c}\mathrm{K}\mathrm{a}.\mathrm{y}’ \mathrm{s}$ problem . ,
$\mathrm{M}\mathrm{c}\mathrm{K}\mathrm{a}\mathrm{y}$ Maple program , Asir program .
4.1.
Maple 7 , 5 $(=12- 7)$ $0$
. , $\mathrm{M}\mathrm{c}\mathrm{K}\mathrm{a}\mathrm{y}$ $a_{1}=a_{2}=$
$a_{3}=a_{4}=a_{8}=0$ , .
4.2. Replication order
$f$ , $f$ k-th replication power .
$f(z)- \succ f^{(k)}(z.)=q+-1\sum^{\infty}a^{(}iq^{i}i=1k)$
$a_{i}^{(k)}=k \sum_{d|k}\mu(d)H\frac{k}{d},dki$
$f^{(g}cd(k,n))=f^{(}k)(\forall k\geq 1)$ $n$ , $n$ $- \mathrm{r}\mathrm{e}\mathrm{p}\mathrm{l}\mathrm{i}\mathrm{c}\mathrm{a}\mathrm{t}\mathrm{i}_{0}\mathrm{n}$ order .
replicable function replication order replication
order . , $n$ , $f^{(2)}=f$ .
35
odd replication order . $a_{1},$ $a_{2},$ $a_{3},$ $a_{5}$
. , $a_{i}$ , $a_{i}$ 1 $a_{i}$
.
modulo 3 , Hensel
(Norton [4]). .
odd replication order , .
$\{a_{1}, a_{2}, a_{3}, a_{5}\}$ 4 , . . .









, Sparc Ultra 1 , 25 . , $G$ $0$
. , $0$
. modular , $\{a_{1}=0\}arrow$
. $\{a_{1}=0\}$ .
$G\cup\{ta_{1}-1\}$ , $t>\{a_{1}, a_{2}, a_{3}, a_{5}\}$
.
[100] Elim $=\mathrm{g}\mathrm{r}$ (cons $(\mathrm{t}*\mathrm{a}_{-}1-1,\mathrm{G}),$ $[\mathrm{t},\mathrm{a}5,\mathrm{a}3,\mathrm{a}2$ ,all , $[[0,1]$ , [0,411)$
$\mathrm{p}\mathrm{e}\mathrm{n}\mathrm{t}\mathrm{i}\mathrm{u}\mathrm{m}\mathrm{p}_{\mathrm{r}\mathrm{o}}200\mathrm{M}\mathrm{H}\mathrm{Z}$ 1 . Elim $t$
$\{a_{1}=0\}$ $G_{0}$ .
$G_{0}$ $0$ .
$c_{\mathit{0}}$ radical . ( 130 )
[101] $\mathrm{P}=$ primedec (GO, [a5, $\mathrm{a}3,\mathrm{a}2,$ $\mathrm{a}1]$ )
6. –
, .
[a1-27, a2-86, a3-243, a5-1370], [a1-12, a2-28, a3-66, a5-2581 ,
[ $\mathrm{a}1+1$ , a2-2, a3-1, $\mathrm{a}5+2$], $[\mathrm{a}1+1, \mathrm{a}2+1, \mathrm{a}3- 1, \mathrm{a}5+1]_{*}$ [ $\mathrm{a}1+1$ , a2-1, $\mathrm{a}3+1$ , a5-21 ,
$[\mathrm{a}1+1,\mathrm{a}2,\mathrm{a}3, \mathrm{a}5]$ . [ $\mathrm{a}1+1$ , a2-4, $\mathrm{a}3+3$ ,a5-11], [ $\mathrm{a}1+1$ ,a2-2, $\mathrm{a}3+2$ ,a5-5] ,
[ $\mathrm{a}1+1$ ,a2-1, $\mathrm{a}3$ , a5-21, [a1-9, $\mathrm{a}2+4,$ $\mathrm{a}3$ , a5-2], [a1-9, a2-10, $\mathrm{a}3+30,$ $\mathrm{a}5+251$ ,
[a1-9, a2-19, a3-42, a5-1461, [$\mathrm{a}1+6$ , a2-20, a3-15, $\mathrm{a}5$],
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[a1-196884, a2-21493760, a3-864299970, a5-333202640600] ,
[a1-8, a2-22, a3-42, a5-1551, [al-l, $\mathrm{a}2,$ $\mathrm{a}3,$ $\mathrm{a}5$], [al-l, a2-2, a3-2, a5-5] ,
[al-l, a2-1, a3-1, a5-21, [al-l, a2-1, a3-1, a5-31, [al-l, a2-1, $\mathrm{a}3$ , a5-1] ,
[al-l, a2-1, a3-2, a5-31, [al-l, $\mathrm{a}2$ , a3-1, a5-11, [al-l, $\mathrm{a}2+1$ , a3-1, $\mathrm{a}5$],
[al-l, a2-2, a3-3, a5-51, [al-l, a2-4, a3-6,a5-10] ,
[a1-51, a2-204, a3-681, a5-51351, [a1-3, a2-3, a3-6, $\mathrm{a}5-131$ ,
[a1-3, a2-4, a3-7, a5-171, [a1-3, $\mathrm{a}2+_{1,\mathrm{a}3,5+1}\mathrm{a}$], [a1-3,a2-1, a3-3, a5-6] ,
[a1-3, a2-2, $\mathrm{a}3+3,$ $\mathrm{a}5$], [a1-3, a2-5, a3-9, a5-20], [a1-5, $\mathrm{a}2+2,$ $\mathrm{a}3,$ $\mathrm{a}5+1$],
[a1-5, a2-8, a3-16, a5-441, [a1-2, a2-1, a3-3, a5-51, [a1-2, a2-1, a3-1, $\mathrm{a}5^{-}3$ ] ,
[a1-2, a2-8, $\mathrm{a}3+5,$ $\mathrm{a}5+_{10]}$ , [a1-2, a2-4, a3-5, a5-141, [a1-2, a2-2, a3-3, a5-7] ,
[a1-2, a2-2, a3-4, a5-71, [a1-2, a2-1, a3-2, a5-41, [a1-2, a2-3, a3-5, a5-10],
[a1-783, a2-8672, a3-65367, a5-17416551, [a1-7, a2-14, a3-29, $\mathrm{a}5-921$ ,
[a1-4, a2-7, a3-13, a5-331, [a1-4,a2-5, a3-10, a5-25] ,
[a1-54, $\mathrm{a}2+76,$ $\mathrm{a}3+243,$ $\mathrm{a}5+1384$], [a1-6, a2-10,a3-21, a5-61] ,
[a1-6, a2-6, a3-15, a5-41], [a1-17, a2-46, a3-116, a5-5331 ,




( ) , ,
, .
, $\{a_{1}=0\}$ , $0$
. , Norton [4]
.
7.
$\bullet$ ... Sparc Ultra-l $(170\mathrm{M}\mathrm{H}\mathrm{z}, 448\mathrm{M}\mathrm{B})$
$\bullet$ ... $Mu\iota_{t}iple=2$ , Demand $=1$ ,
$\bullet$ . .. 51
$\bullet$ ... 443
$\bullet$ ... $91\mathrm{M}\mathrm{B}$
$\bullet$ . . . $440\mathrm{M}\mathrm{B}$
$\bullet$ . .. 2 $\mathrm{x}10^{6}$ (CPU) +6 $\mathrm{x}10^{4}$ $(\mathrm{G}\mathrm{C})$
$\bullet$ bit . . . 18880 ( ), 289 ( )
$\bullet$ bit ... 3771406 ( ), 22378 ( )
$\bullet$ normal form $\ldots 8\cross 10^{4}$
$\bullet$ . ..$\cdot$
$\bullet$









, , ( , [5])
.
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, $f1,$ $\cdots,$ $f_{n},$ $g$ \sim $=.\Sigma$ h $h_{i}$ .
, ,
.
, modular $+$ , modular $+$ (





, change of ordering modular
, $0$ , change of ordering DRL






replicable function , .
$\bullet$ odd level
$f^{(N)}=f$ , $N$ ,
.
$\bullet$ completely replicable function
replicable funcfion , , completely replicable function ,
, .
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A.
Asir , $\mathrm{d}\mathrm{p}_{-}\mathrm{g}\mathrm{r}$-flags $()$
. , .
$\bullet$ Mult iple$=N$
normal form , bit (magnitude) $N$
content . $0$ , , normal







- overhead , $\mathrm{M}\mathrm{c}\mathrm{K}$.ay .
$-$ , (
). ..
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